This experiment tested whether locus equation coefficients, slope, and y-intercept could serve as indices of place ofarticulation for obstruents sharing the same place ofarticulation across different manner classes. Locus equations for 22 speakers were derived from eVltl words with initial voiced stop Idl, voiceless aspirated stop It/, nasal Inl, voiced fricative Izl, and voiceless fricative lsi preceding 10 vowel contexts. Post hoc tests revealed Idl = Izl = Inl for slope means. Voiced Idl and voiceless It I were also equivalent when F2 transition onset measurement points were equated. Scatterplots of locus equation coefficients revealed three nonoverlapping and distinct clusters when the diverse coronal group was compared with labials and velars. A discriminant analysis using slope and y-intercept as predictors successfully categorized all five coronals into one alveolar group with 87.1% accuracy. The collective results support the contention that locus equations can serve as effective phonetic descriptors of consonant place of articulation across manner classes.
the slope of the regression function is proportional to the extent ofCV coarticulation being used by the speaker (see Figure 10 in Sussman et al., 1993) . The consistently linear scatterplots, as documented across languages, gender, and speaking conditions, have recently been interpreted as possibly serving a functional role in speech perception and the representational encoding (viz., mapping) of acoustic-based place of articulation categories (Sussman, Fruchter, & Cable, 1995) .
The acoustic correlates of consonantal place of articulation, however, are many and varied. Burst information, onset spectra, and formant transition motion have all been implicated, to greater or lesser extents, as perceptual cues for place ofarticulation (see, e.g., Blumstein & Stevens, 1979 , 1980 Dorman, Studdert-Kennedy, & Raphael, 1977; Eek & Meister, 1995; Furui, 1986; KewleyPort, 1983; Lahiri, Gewirth, & Blumstein, 1984; Nossair & Zahorian, 1991; Ohde, Haley, Vorperian, & McMahon, 1995; Walley & Carrell, 1983) . Locus-equation-based analyses can offer additional insights into the role of the F2 transition onset-offset combination as a contributing cue for consonant place of articulation. Though the taxonomic value of locus equations to date has primarily been as a phonetic descriptor ofstop place ofarticulation, the perceptual relevance oflocus equations has also been shown. Fruchter (1994) demonstrated that the relationship between F2 onset and F2 vowel could be ofuse during speech perception. Fruchter orthogonally varied F2 onset frequencies in .25 Bark steps across 10 vowel contexts in synthesized (five formants) CV syllables with no burst. Stimuli were presented to listeners for identification, and identification frequencies were then tabulated and pooled across subjects (N = 3) to yield stepped grayscale displays (similar to the amplitude [z] axis of a spectrogram) interpretable as "identification surfaces" for each stop place of articulation. The darkest regions corCopyright 1996 Psychonomic Society, Inc. 936 responded to the highest frequencies of consensus identification across pooled subject data, and the lightest regions reflected more ambiguous zones of perceptual space. Token-level acoustic data were then superimposed over the grayscale perceptual surfaces. The overlays allowed appraisal ofthe correspondences between the distribution of the acoustic data and features of the perception data. There were clear "peaks" in the three identification surfaces (darkest areas) where a given stop consonant perception dominated and correspondences between the acoustic coordinates from production to these perception peaks, especially for Ibl and Idl, but less so for velar Ig/, which is more dependent on the presence of a burst for identification. In areas ofacoustic overlap, there were clear dominance effects in perception; that is, a "b" identification prevailed when tokens fell in the region ofIbl and Idl overlap in front vowel space, and a "d" identification prevailed when tokens fell in the region of Idl and Igl overlap in back vowel space. The Fruchter (1994) study provides the first empirical evidence that locus equations possess psychological reality. F2 onset, operating in a relational and combinatorial sense with F2 vowel, can provide a significant cue for stop consonant place of articulation. Interestingly, computational experiments in which time-delayed neural networks were fed sampled spoken CV wave forms, tasked to classify initial consonant by place of articulation, and then analyzed to determine which parts of the input signal were most effective for the task showed that the parts of the signal most informative about consonantal place of articulation were the F2 onset and F2 vowel frequencies (Hinton & Lang, 1988; McDermott & Katagiri, 1988; Tank & Hopfield, 1988; Waibel, Hanazawa, Hinton, Shikano, & Lang, 1987; Watrous, 1988) .
Ofconsiderable interest to phoneticians and speech theorists is the ability of the locus equation metric to serve as a general phonetic descriptor for consonant place of articulation when a given place feature spans diverse manner classes. Studies directly comparing acoustic characteristics of homorganic consonants are limited. Sussman (1994) investigated unaspirated voiceless stops, nasals, fricatives, and approximants in 14 speakers of American English. Ten medial vowels (Ii I e re e au 0 A ::>/) were used with the following syllable-initial consonants: 1m n v z 3 0 w j r II as well as Ip t kl in initial IsCI clusters. In a plot of locus equation coefficients, with slope plotted on the x-axis and y-intercept on the y-axis, consonants sharing similar place features but various manner classes clustered together in several nonoverlapping distributions. Specifically, a coronal group consisting of10 d t n z 31 formed one cluster, a velar group (/g k/) formed another cluster, and a labial/labiodental group (/b p m vi) formed a distinct and nonoverlapping third cluster. Approximants formed their own cluster with all slopes near zero, but varying y-intercepts that reflected differences in F2 onset loci effectively contrasting among Iw r 1j/. No statistical comparisons were performed in this preliminary study among obstruents having the same place of articulation but belonging to different manner classes. Fowler (1994) also extended the locus equation metric beyond voiced oral stops to investigate place of articulation across manner classes. Arguing that "any invariant for stop place must be an invariant for place of articulation in general" (p. 598), Fowler compared locus equation slopes for stops and fricatives varying along a place continuum -Ib v 0 z 3 gl in 10 speakers. In the single test case when two consonants with the same place of articulation but different manner classes were compared, the slope for Idl (.47) was reported to be significantly different from the slope for /zl (.42), and hence it was concluded that "locus equations provide poor information for place" (p. 605). Mean y-intercept values were not significantly different in the Idl (1120 Hz) versus Izl (1078 Hz) statistical analysis.
A better test ofwhether or not locus equations can serve as phonetic descriptors ofconsonant place ofarticulation across manner class would be to jointly use slope and yintercept as codependent variables in a multivariate analysis. Locus equation slope, by itself, is proportional to the extent of coarticulation existing between the vowel and preceding consonant (Krull, 1989; Sussman, Hoemeke, & McCaffrey, 1992) . While coarticulatory factors may be expected to differ across manner classes (cf Recasens, 1989) , differences in tongue body position that accommodate subtle differences in the formation ofthe consonantal constriction also can be expected to contribute to overall F2 differences. In Fowler (1994) , the posterior progression from labiodental Ivl to interdental 101 to alveolar Izl to palatal 131 was captured by changing slope and y-intercept values as slopes systematically decreased (.73 to .50 to .41 to .34) andy-intercepts systematically increased (337 to 903 to 1078 to 1408 Hz) as a function offricative place of articulation. While slope and y-intercept are inversely correlated in that steep slopes tend to have lowy-intercepts and shallow slopes have highery-intercepts, two nonoverlapping scatterplots can have similar slopes and contrast only iny-intercepts, as is seen in coronal stop contrasts involving secondary articulations such as pharyngealization (in Cairene Arabic) and retroflexion (Urdu) as reported by Sussman et aI., 1993. U sing data from both Sussman (1994) and Fowler (1994) , as well as synthetic VCVs (where C varied across labial, alveolar, and velar place) produced by the distinctive region model (Carre & Mrayati, 1992) , Chennoukh, Carre, and Lindblom (1995) concluded that higher order locus equation coefficients were fairly constant descriptors of place of articulation for homorganic consonants spanning oral, nasal, fricative, and voicing manner classes.
The following study is a replication and extension of Fowler (1994) , carried out with an expanded phonetic inventory and a larger speaker population, to determine whether locus equations can serve as a general phonetic descriptor of consonant place of articulation. Syllableinitial consonants spanning five different manner classes, but each having the same alveolar place feature, were compared: voiced stop Id/, nasal Inl, voiceless aspirated stop Itl, voiced fricative /z/, and voiceless fricative lsi. Iflocus equations function as a phonetic descriptor of consonantal place of articulation, one would expect nonsignificant statistical differences for slopes and y-intercepts across all coronals. Ifnasality, frication, aspiration, and continuancy interact with F2 trajectories in as yet unforeseen ways, a softer prediction would hold that, as a class, coronals would evidence slope and y-intercept coefficients that would basically cluster together despite manner class-induced variation, but be sufficiently contrastive vis it vis labial and velar places of articulation. The purpose ofthis study was to determine how well locus equations hold up as general place descriptors when compared across the robust articulatory and sound source differences characterizing various manner classes ofconsonatal production.
METHOD

Subjects and Stimulus Materials
Twenty-two male speakers were recruited for this study. All subjects werevolunteersand ranged in age from 19to 55, with amean age of34.6. All subjects had normal hearing and were monolingual speakers of American English. Since all previous locus equation studies have shown no significant effect of gender, male speakers were chosen simply to maximize the ease ofmaking measurements from spectrographic displays. Several dialectal variations were present in the subject pool including that of Texans with fronted luis having F2 resonances in the vicinity of 1400-2000 Hz.
Within coronals, there are several consonants belonging to different manner classes that have an alveolar place of articulation (/d t n z s/). Although these consonants can exhibit assimilation with a following consonant that can shift the place of articulation anteriorly to interdental (e.g., Inl in tenth, Idl in hundredth) or posteriorly to postalveolar (e.g., Inl in inch, Idl in edge) (Clements, 1985) , in a CV/t! context all consonants have a relatively stable alveolar place of articulation affected only by the following vowel context. Monosyllabic test words were produced within the sentence frame: "Say CVIt! again." Each test word was repeated five times as the 10 vowels in medial position were randomized in five different orderings for each consonant. The five randomized word lists per consonant were printed on a single sheet and read by the speaker at a comfortable loudness level and pace. The vowels used, identical to those in Sussman and colleagues (Sussman et al., 1995; Sussman et al., 1993; Sussman et al., 1991) , were Ii lee re 0 0 u A 'J/. The ordering of consonants was also randomized across speakers. Thus, a total of 250 tokens were analyzed for each speaker (5 consonants X 10 vowel contexts X 5 repetitions), and each locus equation regression function was generated by using all 50 tokens (10 vowels X 5 repetitions) per consonant. In all, 5,500 tokens were acoustically analyzed in this study.
Procedure
All analysis procedures and measurements were identical, insofar as possible, to those previously described in Sussman and colleagues (Sussman et al., 1995; Sussman et al., 1993; Sussman et al., 1991) . All subjects were recorded in a soundproof room (lAC) using a high-qualitymicrophone (Electro-Voice RE 15)and a Marantz cassette tape recorder (Model PMD 201). The recorded signal was sampled at 10 kHz, digitized, and filtered with an Apple Macintosh IIci computer with MacAdios II hardware. The MacSpeech Lab II software package (Version 1.8, G.w. Instruments) was used for all display, editing, playback, and measurement procedures. F2 onsets (Hz) were obtained solely from cursor readouts placed on wideband spectrogram displays. High-resolution expansions of the portions of the spectrograms in the vicinity of the CV interface were routinely performed to aid visualization ofF2 onset at the first glottal pulse of the vowel and in the noise source portions of aspirated stops. Formant measurements for F2 vowel were obtained from three sources: direct cursor readouts from wideband spectrogram displays, linear predictive coding (LPC), and fast Fourier transforms (narrowband FFTs). A default parameter of 13 coefficients was used for the autocorrelation function for LPC analysis. When LPC and FFT spectra were obtained from midvowel target loci, the time marker in the center of the analysis window coincided to within a millisecond to the time point sampled by the (mousecontrolled) cursor frequency from the on-screen spectrogram. The mean F2 value from the three measures (spectrogram, LPC, FFT) taken at a midvowel site was used as the independent variable, F2 vowel, in the regression analyses. The average variation across the three measurements for F2 vowel was 83.6 Hz.
Data Sampling Points
Measurement loci for F2 vowel were exactly the same as described in Sussman et al. (1991) . Briefly,criteria for F2 vowelplacement were as follows: (I) if the F2 resonance was steady state or diagonally oriented, the midpoint of the formant was taken on the basis of visual inspection; (2) if the F2 resonance was U-shaped or the inverse, the "minima/maxima" point was taken as the vowel target frequency. Although criteria for midvowel formant measurement loci were visually determined, no sample points from what might be considered the vowel off-glide were taken, and for diphthongs the measurement point was always taken within the initial vowel segment.
F2 onset measurement points for Id/, Inl, Izl, and lsi were the frequency of F2 at the first glottal pulse of the vowel after (1) the release burst for Id/, (2) the cessation of nasal resonances for Inl, (3) the cessation of high-frequency frication for Izl and lsI. F2 onset point for It I had to be modified to take into consideration the lengthy aspiration period following stop release. Figure I (top) shows a representative spectrogram for It I (in the word taught); the bottom spectrogram shows daught produced by the same speaker. If the standard procedure for taking F2 onsets was followed for It!, the first glottal pulse would be approximately at vowel midpoint, and a very steep locus equation scatterplot would result, because "F2 onsets" would be, in effect, similar to F2 vowel. To establish, as close as possible, comparable measurement loci for F2 onsets in aspirated It I vis avis Id/, the F2 resonance of the vowel was tracked back through the aspiration period by using a high-resolution setting (screen width = 100 msec). The earliest visible F2 resonance, subsequent to burst release, that was judged to continue into the F2 ofthe vowel was taken as F2 onset. The arrow shows the F2 resonance that would be measured as F2 onset for It! in taught. Obviously, this value, at approximately 2000 Hz, is quite different from the onset frequency that would be obtained if the initial glottal pulse (at approximately 1100 Hz) was taken as F2 onset. To establish a more valid comparison to It! a second category for Idl was also used which took, as F2 onset, not the first glottal pulse, as traditionally measured (Lindblom, 1963) , but rather the earliest prominent resonance of F2 during the brief VOT interval following the burst (and preceding onset of vocal fold vibration). The arrow in Figure 1 (bottom) for daught shows the F2 onset measurement point that would be taken for this "special" category of Id/. It can be seen that the resonance pulse taken as F2 onset during the VOT interval in daught is higher (over 100 Hz) than the traditionally taken point for voiced stops. It was felt that this methodological procedure for obtaining Idl onsets created a more equivalent phonetic comparison for Idl versus It/. Thus, two distinct locus equations were generated for Idl, a standard plot with F2 onset taken at the first glottal pulse corresponding to the initial pitch period of the vowel and a nontraditional, but perhaps more phonetically valid, locus equation, 1 where F2 onset was taken after the release burst, but before glottal pulsing began for the vowel. This Idl will be noted as Id/@ burst in the data tables to follow.
A brief note should be made at this point that taking F2 onset at the first glottal pulse corresponding to vowel onset for Iz/, lsi, and Inl, while unavoidable at present, is not, strictly speaking, the most accurate measurement point to assess where place-related F2 acoustic resonances first arise. The long frication interval of lsi and Izi often contained a clearly visible noise-supported resonance of F2 that could be traced back to the beginning of the consonant. However, since this F2 resonance onset point was not consistently and unequivocally determinable during the noise excitation for the fricatives and the nasal murmur of Inl, only traditionally defined F2 onset points were taken for Iz/, lsi, and In/.
Interjudge Reliability
To test for reliability of formant measurements, especially F2 onsets taken during the aspiration interval (It! and Id/@ burst), investigator 1.S. remeasured data originally measured by investigator H.M.S. A speaker was selected at random (Speaker 17), and all tokens across all five consonants were remeasured and compared (N = 250). In the replication, F2 onsets were taken, as described above, from cursor placement on high-resolution wide band spectrogram displays, and F2 vowel was obtained by averaging three midpoint frequencies from three convergent sources (wideband spectrogram, LPC, and narrowband FFT) for each token. Both correlations and absolute frequency differences were obtained in the reliability analysis. While correlational analyses can be somewhat misleading in assessing reliability, the following Pearson correlation coefficients 
RESULTS
The slopes andy-intercepts oflocus equations obtained for each manner class obstruent across the 22 speakers are shown in Table 1 . Each slopely-intercept characterizes the regression line fit to the scatterplot ofall 50 tokens per consonant (10 vowels X 5 repetitions). Figure 2 shows representative locus equation plots for the stop, nasal, and fricative obstruents of this study (Speaker 6). It can be seen that all scatterplots have data points tightly clustered along the regression line giving an extremely linear form to the scatterplot comprising each manner class category. The slope and y-intercept values were entered into a doubly-dependent multivariate analysis. This MANOVA yielded a significant effect for manner class [F(1O,208) O+-~-'"T'"-~"""-"---"T"-"""-__"T-""---'-~-+ O+---'-'"T'"-~"""-"--"T"-"""--"T"-"""-__"T-"""'-+ Three y-intercept mean comparisons showed nonsignificant differences: Idl versus 1z1, Id/@ burst versus Itl, and Inl versus Izi. However, unlike the results reported in Fowler (1994) , slope and y-intercept mean differenccs for Idl and Izi were found to be statistically nonsignificant.
Other variables of interest in comparing locus equations across manner classes are R2 and standard error of estimate (5£). The R2 statistic indicates how much variance in the dependent variable (F2 onset) can be accounted 
Locus Equation Space
The post hoc tests following the MANOVA showed that some slope and y-intercept differences within the coronal group were significant and others were not. Another method of determining similarityldissimilarity of locus equation plots among the diverse coronals examined in this study is to use a more macro approach-plotting slope versus y-intercept across a wide assortment of CVIt/tokens that include labial, alveolar, and velar obstruents. If alveolars, as a group, do not overlap with labials and velars, the case is further strengthened that locus equation coefficients can serve as general phonetic descriptors for place ofarticulation across manner classes. In Figure 3 are plotted slopes (along the x-axis) and y-intercepts (along the y-axis) obtained from the 22 speakers producing the five consonantal categories of the present study. These coordinates represent a large alveolar cluster spanning a voiced stop (showing both versions of F2 onset for Id/), a voiceless stop, a nasal, and voiced and voiceless sibilant fricatives. Since only alveolars were obtained from the speakers of this study, it was necessary to use data obtained from other speakers, from a prior locus equation study, in order to compare labials and velars with the alveolar group. Locus equation coefficients (slopes and yintercepts) obtained from 20 speakers, each producing 50 IblVlt! and 50 IglV/tl tokens (5 repetitions per stop across the same 10 vowels) were entered into the scatterplot of Figure 3 (data taken from Sussman et aI., 1991) . It is felt that this cross comparison of locus-equationderived place data, though obtained from different speakers, is justified for several reasons. First, the great majority oftokens in both studies were measured by the same investigator (H.M.S.). Second, all contexts and conditions were identical-CVItls produced at a normal rate and loudness level, in the carrier sentence "Say CVlt! again," with the identical set of 10 vowels in medial position. Third, all recording, sampling, amplification, and software analysis procedures were identical to those used in the present study. Fourth, the mean Idl slope andy-intercept from Sussman et al. (1991) were very close to those found in the present study. Last, locus equation place ofarticulation results similar to those used to construct Figure 3 have now been successfully replicated by several investigators across several laboratories (e.g., Bakran & Mildner, 1995; Celdran & Villalba, 1995; Chinnery, Docherty, & Walshaw, 1995; Eek & Meister, 1995; Fowler, 1994) .
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Three distinct and nonoverlapping clusters can be seen in Figure 3 . Despite the relatively large variation in both slope and y-intercept values across speakers within the varied alveolar cluster spanning several manner classes, alveolars (circles) are distinct from velar Igl (triangles) and labial Ibl (squares) clusters. The range of slope values within the alveolar group is quite large (from a low of .10 for aspirated It I (Speaker 4) to a high of.72 for lsi (Speaker 18) . This large slope range can be attributed to the different measurement loci taken for F2 onset. F2 onsets taken immediately following the burst for It! evidence minimum coarticulation in comparison with F2 onsets taken at the first glottal pulse of the vowel for lsi, which contains a lengthy frication interval. The latter condition (fricative lsi) results in "artificially" elevated slopes, because the two frequency measures, "onset" and midpoint, are highly similar. What is most interesting about this diversity of slopelcoarticulation differences across manner class categories is that, despite these large slope variations, as a class, alveolars do not overlap in higher order locus equation acoustic space, with labials and velars. Labials and velars characteristically exhibit relatively more coarticulation than alveolars, regardless ofmanner class. There has never been, to our knowledge, a report of locus equation slopes for alveolars that have exceeded those characterizing labials or velars.
Discriminant Analysis
Another procedure to quantify how well locus equation coefficients serve as general place descriptors is to perform a discriminant analysis using slope and y-intercept as predictor variables for place of articulation category membership. The primary objective in this analysis was to see how the various coronals would be categorized: would they be grouped within a "generic" alveolar place group, or would some find categorical membership in velar or labial groups? The number ofcases for the alveolar group was 132 (6 consonants X 22 speakers). The results of this analysis are shown in Table 4 . Of the total cases (132), 115 (87.1%) were correctly classified as alveolars. Seventeen cases were incorrectly classified as velars (12.9%). The overall percent correct classification across the three groups was 87.4%.
Voicing Differences
An unexpected manner class difference was seen when Izl and lsi were compared. Figure 4 shows slope values for lsi and /zl for each speaker. It can be seen that slopes for lsi are consistently higher than that of/z/. The greater slopes for lsi (mean = .57) than for Izl (mean = .38) seem to indicate that the tongue was more nearly in position for the upcoming vowel during the constriction oflsi than it was for /z/. F2 onset points, taken at the first glottal pulse ofthe vowel, were, in theory, identical for both fricatives. In general, voiceless fricatives are known to be longer than voiced fricatives (Baum & Blumstein, 1987; Crystal & House, 1988) . Jongman (1989) reported mean durations of frication noise of 188 msec for lsi and 152 msec for /z/. By virtue of the longer noise interval for lsi than for Izl, F2 onsets, though technically measured at the initial glottal pitch period of the vowel, were more 
DISCUSSION
Locus equations were derived across a varied set ofconsonantal manner classes to determine their generality as a phonetic descriptor ofconsonantal place ofarticulation. Five consonants-a voiced stop (/d/), a voiceless aspirated stop (/t/), a nasal (/n/), a voiced fricative (/z/), and a voiceless fricative (IsI)-were produced in syllableinitial position preceding 10 vowel contexts. Nonsignificant effects were found for slope means among the three voiced obstruents Id/, /z/, and Inl, and additionally between Idl and It I when F2 onset frequencies were measured, not at the first glottal pulse following release, but rather well within the aspiration interval, as close to the release burst as possible. The results ofthis study call into question the conclusion of Fowler (1994) claiming that locus equations could not serve as a general descriptor of place of articulation because Idl and /zl slopes (.47 and .42 respectively in her data) were found to be statistically different in a group of 10 speakers.
Only lsi evidenced significantly different slopelyintercepts from the rest of the coronals (except in comparison with the slope for In/). The significantly higher slopes for Islare better explained, at this point, by invoking a measurement limitation rather than an underlying phonetic-based explanation. By taking F2 onsets at the first glottal pulse of the vowel following the long frication interval for lsi, all of the transition movement of F2 was already completed. Hence, the F2 onset frequencies were strongly conditioned by the vowel midpoint, rather than their reflecting an actual consonantal onset locus. This resulted in much higher slope values than would be the case if onsets were able to be assessed at the earliest possible moment within the lengthy frication interval. Unfortunately, it was not possible to ascertain this F2 onset point at the beginning of frication with any consistency across all vowel contexts.l
The basic homogeneity oflocus equation coefficients for the entire coronal set was also seen in other formatsscatterplots of slope andy-intercept values across speakers and a discriminant analysis. When the five obstruents constituting the study were compared with labial and velar locus equation coefficients, three distinct clusters of coordinates emerged with clear separation as a function of place affiliation. Despite an extensive range in both slope and y-intercept values, the coronals occupied a different portion of locus equation acoustic space than did labials and velars. Only lsi coordinates, with relatively high slopes (between .50 and .70) were, in some cases, close to, but not overlapping with, velar coordinates. In the discriminant analysis, using slopes and y-intercepts as predictor variables, over 87% (115 of 132 cases) of the total coronal group, comprising voiced and voiceless stops, a nasal, and voiced and voiceless fricatives, were correctly categorized as alveolars.
A stop + vowel sequence and a fricative + vowel sequence represent vastly different articulatory gestures and concomitant acoustic correlates. The two manner classes would be placed on opposite ends ofa variety ofphonetically based continua. Stops are characterized by a short, transient sound source, and fricatives, by a long continuant noise sound source. Stop + vowel concatenations are the most universally encoded CVs across languages. Their unique and complex acoustic overlap create the underlying basis for the noninvariance problem in speech perception (Liberman, Cooper, Shankweiler, & StuddertKennedy, 1967) . Sibilant fricative + vowels, such as lsi and /zl, on the other hand, represent one ofthe rare cases in the speech code where isomorphism can be said to best exist between a physical aspect of the sound and a perceived phoneme. The frication of lsi in sat can be spliced away and placed in front of it to yield the perception of sit. The same cannot be said for bat and bit. The fricative spectra of lsi and Izl, by itself, has been found to be the necessary and sufficient cue for perception (Harris, 1958; Heinz & Stevens, 1961; Jongman, 1989) . What is most noteworthy about the results of this study is the fact that, despite these drastic differences in production mechanics, acoustic characteristics, and degree of encodedness, the locus equation coefficients for alveolars belonging to these diverse manner classes are more similar than dissimilar. Moreover, they are all, as a group, sufficiently contrastive to the other places ofarticulation, such as labials and velars. Rather than stress small differences in locus equation slopes (viz., Fowler's Idl vs. /zl comparison), the emphasis should be on the remarkable similarity that they possess, as a group, despite nearly diametrically opposed phonetic characteristics.
It is not completely surprising, however, that the acoustic signal produced by a set ofarticulations entailing highly similar closure-opening gestures yield relatively similar locus equationplots. Occlusionslconstrictionsof the tongue on the alveolar ridge, followed by release into a vowel, are encoded by similar dynamics of the F2 transition. Since locus equation coordinates are compact parameterizations of the onset and midvowel frequencies ofF2, it is to be expected that place similarities would be captured by locus equation analyses. If the temporal measurement point ofF2 onset could be standardized and phonetically matched across the varied manner classes, as they were in comparing It! and Id/@ burst, then an even closer correspondence oflocus equation slopes would no doubt be obtained, with slopes more closely resembling those seen with voiceless aspirated It/.
The overall results of this study can be taken to support the contention that locus equations can indeed be used as a general phonetic descriptor of place of articulation. As a class, alveolar obstruents, even across phonetically diverse manner classes, will have lower slopes (less CV coarticulation) characterized by more stable onset loci than will labial and velar places of articulation.
